In 1978, Smithson [25] and Popa [18] introduced independently the concept of almost continuous (in the sense of Husain) multifunctions in topological spaces. In 1988, Popa [21] introduced the notion of precontinuous multifunctions and showed that .ff-almost continuity and precontinuity are equivalent for multifunctions. Jankovic [5] defined almost weakly continuous functions as a generalization of both weakly continuous functions due to Levine [7] and almost continuous functions in the sense of Husain [4] . Noiri and Popa studied several properties of almost weakly continuous functions in [11] and [22]. Paul and Bhattacharyya [16] introduced the notion of quasi precontinuous functions. Popa and Noiri [22] had shown that the quasiprecontinuity is equivalent to the almost weak continuity. Recently, Noiri and Popa [13] have defined and investigated the notion of almost weakly continuous multifunctions. The purpose of the present paper is to obtain further characterizations of upper (resp. lower) almost weakly continuous multifunctions and investigate other properties of such multifunctions.
Introduction
In 1978, Smithson [25] and Popa [18] introduced independently the concept of almost continuous (in the sense of Husain) multifunctions in topological spaces. In 1988, Popa [21] introduced the notion of precontinuous multifunctions and showed that .ff-almost continuity and precontinuity are equivalent for multifunctions. Jankovic [5] defined almost weakly continuous functions as a generalization of both weakly continuous functions due to Levine [7] and almost continuous functions in the sense of Husain [4] . Noiri and Popa studied several properties of almost weakly continuous functions in [11] and [22] . Paul and Bhattacharyya [16] introduced the notion of quasi precontinuous functions. Popa and Noiri [22] had shown that the quasiprecontinuity is equivalent to the almost weak continuity. Recently, Noiri and Popa [13] have defined and investigated the notion of almost weakly continuous multifunctions. The purpose of the present paper is to obtain further characterizations of upper (resp. lower) almost weakly continuous multifunctions and investigate other properties of such multifunctions.
Preliminaries
Let A" be a topological space and A a subset of X. The closure of A and the interior of A are denoted by C1(A) and Int(i4), respectively. A subset A is said to be preopen [9] (resp. semi-open [8] ,a-open [10] ) if A C Int(Cl(A)) (resp. A C Cl(Int(A)), A C Int(Cl(Int(A)))). The family of all preopen (resp. semi-open) sets of X containing a point x € X is denoted by PO(X, x) (resp. SO(X, x)). The family of all preopen (resp. semi-open) sets in X is denoted by PO(X) (resp. SO(X)). The complement of a preopen (resp. semi-open) set is said to be preclosed [3] (resp. semi-closed). The intersection of all preclosed sets of X containing A is called the preclosure [4] of A and is denoted by pCl(A). Similarly, the semi-closure sCl(A) is defined. The union of all preopen sets of X contained in A is called the preinterior of A and is denoted by plnt(A). It is obvious that X -pCl(A) = pInt(X -A) for every subset A of X. The 0-closure [26] of A, denoted by Cl0(A), is defined to be the set of all x € X such that AflCl(i7) ^ 0 for every open neighborhood U of x. If A = CIe{A), then A is said to be 9-closed. The complement of a 0-closed set is said to be 9-open. It is shown in [26] that CIg(A) is closed in X for any subset A of X and that Cl(i7) = C\e{U) for each open set U of X. A subset A of X is said to be regular open (resp. regular closed) if Int(Cl(A)) =A (resp. Cl(Int(A)) = A). LEMMA 1 (Noiri and Popa [13] ). A multifunction F : X -• Y is u.a.w.c. (resp. l.a.w.c.) 
if and only if for each x £X and each open set V such that
F(x) C V(resp. F(x)nV ± 0), there exists U G PO(X,x) such that F(U) C C1(V) (resp. F(U)n C1(V) ?
Proof. (1) (2): Let B be any subset of Y. Suppose that x € X -F-(C\e(B)). Then x € F+(Y-C\g(B))
and CI g (B) is closed set of Y. Therefore, by Lemma 1 for some U GPO(X, X) we have
U C F+(Cl(Y-C\ e (B))) = F+(Y-Int(C\ e (B))) = X-F"(Int(C]*(fl))).

Thus, we obtain [/nF-(Int(Clfl(5))) = 0 and x € A"-pCl(f-(Int(Clfl(5)))). This shows that pCl(JF _ (Int(Cle(5)))) C F~(C\ e {B)) for every subset B of Y.
(2) => ( 
Proof. The proof is similar to that of Theorem 1.
A function / : X -• Y is said to be almost weakly continuous [5] if for every open set V of Y, f~\V) Clnt(C^/-^C^F)))).
COROLLARY 1 (Popa and Noiri [22] )). For a function f : X Y the following statements are equivalent: (1) f is almost weakly continuous; Proof. We prove only the implication (5) (1), the proof of the other being similar to that of Theorem 3 we omit. The proof of the implication (4) =>• (5) (V) . Therefore, we have x € U C Int(Cl(f/)) C Int(Cl(F~(V))) and hence F~(V) C Int(Cl(^"(F))). This shows that F~(V) G PO(X) and that F is lower precontinuous. 
COROLLARY 2 (Popa, Noiri and Ganster [24] 
(Cle(B)) is preclosed in X for every subset B of Y; (3) f~1(K) is preclosed in X for every 6-closed set K of Y; (4) / -1 (V) G PO(X) for every B-open set V of Y; (5) / is almost weakly continuous.
In order to obtain further characterizations of u.a.w.c. (resp. l.a.w.c.) multifunctions, we recall some definitions. For a multifunction F : X -» Y,
we denote a multifunction defined as follows: (CLF)(z) = CI(F(x)) (resp. (pClF)(z) = pCl(F(a;))) for each point x 6 X. (V) and hence by Lemma 1 there exists U ePO(X,x) such that F(u) C C1(V) for each u € U; hence G(u) C C1(F) for each u G U. Therefore, we obtain G(U) C C1(F). This shows that G is u.a.w.c.
LEMMA 2 (Noiri and Popa [14]). If F : X -• Y is a multifunction such that F(x) is a-paracompact a-regular for each x G X, then for each open set V ofY(ClF)+(V) = (pCLF)+(V) = F+(V). THEOREM 5. Let F : X -» Y be a multifunction such that F(x) is aparacompact and a-regular for each x G
Conversely, suppose that G is u.a.w.c. Let x £ X and V be any open set of Y containing F(x). By Lemma 2, x £ .F + (V) = and hence G(x) C V. By Lemma 1, there exists U GPO(X, X) such that G(U) C C1(F). Therefore, we obtain F(U) C 0(F). This shows that F is u.a.w.c. (V) for each open set V ofY. Proof. By using Lemma 3 this can be shown similarly to that of Theorem 5.
LEMMA 3 (Noiri and Popa [14]). For a multifunction F : X -> Y, it follows that (CLF)~(V) = (pClF)-(F) = F~
Some properties
In this section, we investigate several properties of u.a.w.c. multifunction into Urysohn (or Hausdorff) spaces. (X,x) such that G(U 2 ) CC1(V7). Now, put U = Ui fl U 2 , then we have U ePO(X,x) [3, Lemma 4.2] and U l~l A = 0. Therefore, we have x £ X -pCl(A) and hence A is preclosed in X. On the A function / : X -> Y is said to be weakly continuous [7] if for each x £ X and each open set V containing f(x), there exists an open set U containing x such that f(JJ) CC1(F).
THEOREM 7. Let F,G : X ->Y be multifunction into a Hausdorff space Y and F(x), G(x) compact in Y for each x (E X. If F is u.a.w.c., G is upper almost a-continuous and F(x)nG(x)
COROLLARY 5 (Paul and Bhattacharyya [17] 
